ABSTRACT: Two genetic lines of barrows and gilt pigs with lean BW gain averages of 280 and 375 g/d were used to evaluate their macro-and micromineral contents at BW intervals from 20 to 125 kg of BW. The experiment was a 2 × 2 × 5 factorial arrangement of treatments (i.e., 2 sexes, 2 genetic lines, and 5 BW intervals) conducted in a completely randomized design in 6 replicates using a total of 120 pigs. Initially, 12 pigs (3 from each genetic line and sex) were killed, and then at approximately 25 kg of BW intervals to 125 kg. Pigs were fed vitamin and mineral fortified corn-soybean meal diets. At slaughter the total body (except digesta and blood) of each pig was ground and analyzed for their macro-and micromineral contents. The high-lean genetic line (P < 0.03) pigs and barrows (P < 0.01) reached their targeted BW an average 3 d earlier than the low-lean genetic line and gilts. Total macro-and micromineral contents increased as BW increased, generally in a linear or quadratic (P < 0.01) manner. There was an increasing difference between genetic lines in some minerals as BW increased. Total body Ca content was greater in the low-lean genetic line with increasing differences occurring as BW increased resulting in a BW × genetic line interaction (P < 0.05), whereas P was similar for both genetic lines. The quantity of K (P < 0.01) and S (P < 0.01) increased at a greater rate in the high-lean genetic line as BW increased, resulting in BW × genetic line interactions (P < 0.01). Body Cl (P < 0.01), Mg (P < 0.06), Mn (P < 0.05), Se (P < 0.01), and Zn (P < 0.01) were greater in the high-lean genetic. As BW increased, the Ca:P and the P:K ratios were increasingly greater (P < 0.01) in the low-lean genetic line, whereas the K:Na ratio was greater (P < 0.01) in high-lean genetic line. Although K and Fe were greater (P < 0.05) in gilts than in barrows, other mineral content differences were not significant. When minerals were expressed on a per kilogram of empty BW basis, the macro-and microminerals differed (P < 0.01) as BW increased indicating a response by body maturity. Genetic line had a greater effect on mineral content per kilogram of empty BW than sex. These results indicate that differences in mineral content are largely affected by BW or physiological age and by genetic line. Bestfitting equations were developed to determine macroand micromineral contents of both genetic lines.
INTRODUCTION
The modern pig produces carcasses having greater quantities of muscle, bone, and less fat than pigs of past decades. Split-sex feeding of gilts and barrows has also become a common practice, resulting in differences in ADG, feed intakes, and lean BW gains. With superior growth rates along with heavier BW at slaughter, feeding lengths are in many cases shortened.
Muscle development rapidly increases in the modern lean pig during early growth where it remains high until the late-finisher period, whereupon its rate declines earlier in those pigs having less lean. Although bone development increases early and declines sooner than muscle on a relative basis, it continues to mineralize as the pig matures. Our previous results indicated that femur bone mineralization was less for a high-lean compared with a low-lean genetic line pig at each stage of development (Wiseman et al., 2007b) . Body mineral compositions would therefore be expected to reflect pig sex, age, BW, and genetic line (Shields et al., 1983; Bikker et al., 1995; de Lange et al., 2003) .
Most of the Ca of the body and much of the P are quantitatively found in bone tissue. Phosphorus is also retained in large quantities in body proteins, and because muscle tissue development differs by genetic line, the quantitative and relative need for Ca and P differs by these tissues. Both muscle and bone tissues require minerals for their formation that are affected by genetic line and sex. Thus, the mineral requirements for the modern pig may differ from current requirements (NRC, 1998) . Because mineral needs are reflective of pig compositional differences, computer models could more accurately predict their needs at various periods and excess fortification amounts can be avoided. This experiment evaluated the body mineral profile of barrows and gilts from 2 different genetic lines at 5 BW intervals to better understand the changing mineral needs during their growth cycle.
MATERIALS AND METHODS
The experimental use of animals and procedures followed were approved by the College Animal Care Committee.
Two genetic lines of barrows and gilts with distinctly different lean BW gain averages were used to evaluate body mineral compositions at BW intervals ranging from 20 to 125 kg of BW. The origins of the pigs were described previously (Wiseman et al., 2007a) . The low-lean genetic line were from a herd that averaged 280 g of fat free lean/d, whereas the high-lean genetic line averaged 375 g of fat free lean /d. The experiment was conducted as a 2 × 2 × 5 factorial arrangement of treatments in a completely randomized design with 2 groups of pigs in a total of 6 replicates. Experimental procedures, diets fed, pig management, facilities, and slaughter methods were previously reported (Wiseman et al., 2007a) .
Initially, 12 pigs (3 from each genetic line and sex) were killed at 20 kg of BW, and at approximately 25 kg of BW intervals to a final BW of 125 kg, using a total of 120 pigs. Because pigs were removed from their experimental pens upon reaching their targeted BW, the growth rates of pigs are confounded and not reported. However, the age from birth to slaughter is presented for each treatment BW group. Slaughter methods, tissue collections, body component grinding procedures, and storage conditions of samples were previously reported (Wiseman et al., 2007b) .
Ground, frozen tissue components were freeze-dried and extracted of fat with diethyl ether (AOAC, 2000) . These dried fat-free samples were finely ground (Cyclotec 1093, Tecator, Höganäs, Sweden) using a 1-µm screen. Subsamples were wet ashed in nitric and perchloric acid and analyzed for their mineral content using inductively coupled plasma spectroscopic (model 137, Applied Research Laboratories, Valencia, CA) technology. Chloride was analyzed by a chloridometer (model 4-2008, Buchlert-Cotleve, Saddle Brook, NJ), as outlined by AOAC (2000) . Selenium was wet ashed with nitric and perchloric acid and analyzed by the fluorometric method of AOAC (2000) using a UV detector (Turner Filter, Fluorometer, Model 112, Unipath, Mountain View, CA).
The individual pig served as the experimental unit. Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) according to the following model: Y ijkl = µ + G i + N j + W k + GN ij + GW ik + NW jk + GNW ijk + e ijkl , where Y ijkl = dependent variable; µ = overall mean; G i = fixed effect of the ith level of sex (i = 1,2); N j = fixed effect of the jth level of genetic line (j = 1,2); W k = fixed effect of the kth level of BW group (k = 1, 2, 3, 4, 5); GN ij = interaction term of the ith sex with the jth genetic line; GW ik = interaction term of the ith sex with the kth BW group; NW jk = interaction term of the jth genetic line with the kth BW group; GNW ijk = interaction term of the ith sex, jth genetic line, and kth BW group; and e ijkl = error term ~N(0,σ k 2 ). Individual subclass variances fitted were based on a significant likelihood-ratio test indicating heterogeneity of variances across BW group classes. The slice option of the MIXED procedure of SAS was used to compare their interaction at each BW interval. Orthogonal polynomials were used to determine the highest degree of a polynomial function significant for W k , GW ik , NW jk , and GNW ijk . Parameters of the resulting polynomial functions were estimated by replacing the discrete variable W k and all its interaction terms with continuous variables W, W 2 , W 3 , and W 4 (the required degree having been determined from the orthogonal polynomial tests), and their interactions with G i , and N j . Heterogeneous subclass variance for BW group was still part of the resulting model, which was solved using the MIXED procedure of SAS. Regression analyses for the overall composition of each mineral were calculated for each genetic line, but only those with P < 0.05 are presented for each genetic line, whereas the remaining equations were considered similar for the 2 genetic lines and presented as 1 equation. There were no 3-way interactions for the variables evaluated, and therefore these treatment responses are not presented. Because there were interactions between genetic line × BW and sex × BW, these data are presented in tabular form.
Total mineral contents were calculated and evaluated for the effect of each genetic line and sex at BW intervals from 20 to 125 kg of BW. Compositional differences were also demonstrated to occur by pig age or increasing BW. To more accurately assess the effect of tissue maturity or physiological age on mineral retention, the data were evaluated on a per kilogram of empty BW basis.
There is a known relationship in the ratios between several macrominerals in the body. Consequently, these ratios were calculated for the 2 genetic lines and sexes at each BW interval. Because the ratios did not differ when expressed on a per kilogram of empty BW basis, the ratios are presented only for total body mineral content.
RESULTS
The age of pigs from birth to 125 kg and their corresponding BW at each BW interval is reported in Tables  1 and 2 for the 2 genetic lines and sexes, respectively. Pigs of the high-lean genetic line (P < 0.03) and barrows (P < 0.01) attained their final targeted BW an average 3 d earlier than gilts or the low-lean genetic line pigs. Length of time to reach the final BW of 125 kg responded in a quartic manner for both genetic line and sex (P < 0.01). There were no genetic line × BW or sex × BW interaction responses.
Body Mineral Content at Various BW
The effect of genetic line on body mineral contents from 20 to 125 kg of BW is presented in Table 1 . Macroand micromineral contents increased as BW increased generally in a linear (P < 0.01) or quadratic (P < 0.01) manner. Mineral contents were similar for both genetic lines at 23 kg of BW. However, as BW increased there was an increasing difference in total body minerals between genetic lines in some minerals. Body Ca content was greater in the low-lean genetic line with increasing differences occurring as BW increased resulting in a BW × genetic line interaction (P < 0.05). However, the P content from 20 to 125 kg of BW was similar between the 2 genetic lines. The quantity of K (P < 0.01) and S (P < 0.01) also increased at a greater rate in the high-lean genetic line pigs as BW increased resulting in BW × genetic line interactions (P < 0.01). Total body contents of Cl (P < 0.01), Mg (P < 0.06), Mn (P < 0.05), Se (P < 0.01), and Zn (P < 0.01) were consistently greater in the high-lean genetic, but their BW × genetic line interaction responses were not significant.
As a result of the differing quantities of the macrominerals between the 2 genetic lines, their resulting ratios differed. The Ca:P ratio was increasingly greater because of the greater body Ca content in the low-lean genetic line, whereas there were similar P contents for both genetic lines. This resulted in a BW × genetic line interaction (P < 0.05). The K:Na ratio was greater in the high-lean genetic line pigs as BW increased, also resulting in a BW × genetic line interaction (P < 0.05) response. However, the P:Na ratio was greater (P < 0.05) in the low-lean genetic line and increased as BW increased (P < 0.01), again reflecting the similarity of P contents in both genetic lines and the greater Na content in the high-lean genetic line.
The effect of the 2 sexes at the various BW intervals from 20 to 125 kg of BW demonstrated that both K (P < 0.05) and Fe (P < 0.05) were greater in gilts than in barrows; whereas, there were no significant differences in the other macro-or microminerals (Table 2) . There was no difference in the Ca:P, Na:Cl, K:Na, or P:K ratios between the 2 sexes or in the sex × BW interaction.
Body Mineral Content Expressed on an Amount Per Kilogram of Empty BW
When the minerals are presented on the amount per kilogram of empty BW, the effects of genetic line, sex, and their interactions with BW are presented in Tables  3 and 4 , respectively. There was an effect of increasing BW or tissue maturity for most macro-and microminerals. Although Ca composition per kilogram of empty BW was consistently greater in the low-lean genetic line, particularly at the heavier BW, the genetic line response was not significant. There was a BW × genetic line interaction for K (P < 0.01) and S (P < 0.01) with a greater content of both minerals in the high-lean genetic line. As BW increased, there was a quadratic (P < 0.01) decline in Na and Cl per kilogram of body tissue, but a linear (P < 0.02) increase in P content.
Most microminerals generally fluctuated in a cubic (P < 0.01) manner as BW increased. In particular the Al data appeared to fluctuate greatly between, but not within, BW intervals, implying that the dietary supply fed to those pigs may have been widely variable in its Al content. However, both Se (P < 0.01) and Zn (P < 0.01) had greater concentrations in the high-lean genetic line, particularly Zn. This resulted in significant BW × genetic line interactions (P < 0.01) for Se and Zn. Although much of these mineral compositions reflect the same conclusions as the total body contents, the data clearly indicate differences by physiological age or pig maturity.
When the 2 sexes were compared for their macroand micromineral contents per kilogram of empty BW, only K (P < 0.01) and S (P < 0.01) were greater in gilts than barrows as each got heavier and older, but the BW × sex interaction was not significant (Table  4) . There was no other significant sex effect or BW × sex interactions for the other macro-or microminerals (Table 4) .
Body Mineral Composition Predictions
Much of the total body mineral difference was attributable to genetic line and most probably lean tissue growth. Therefore, regression equations were determined and the resulting best fit equations presented for each macro-and micromineral (Table 5 ). In cases where there were no genetic line differences, a combined equation is presented.
The total P content of both genetic lines was similar, and thus a combined equation is presented. Similar contents for Na and Mg between the 2 genetic lines were also demonstrated. In contrast, 2 equations are presented for body Ca where the high-lean genetic line had a decreased Ca content of this macromineral, whereas K, Cl, and S were greater (P < 0.05) in the high-lean High-lean and low-lean mineral content differs at this BW (P < 0.01).
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genetic line pigs. Most microminerals were similar between the 2 genetic lines, and combined equations are presented. Both Se and Zn contents were, however, greater in the high-lean genetic line, and separate equations are presented. The best fitting regression equation was used for each of these contrasts to calculate the mineral content of pigs at various BW. Thus, the equations could be used to estimate the body mineral content of pigs and the subsequent dietary macro-and micromineral requirements.
DISCUSSION
Our study indicated that pigs with a propensity to produce more lean tissue generally have greater total body macro-and micromineral contents than pigs producing less muscle tissue, except Ca and P, and that differences between genetic lines were greater at heavier BW. Although gilts generally had greater mineral contents than barrows, the differences between the 2 sexes of these genetic lines were relatively similar.
Expressing the data on an amount per kilogram of empty BW presents the compositional information on an equivalent BW basis and better evaluates the amount of minerals retained in the body as the pig matures. Our data indicate that when the macro-and microminerals are expressed in this manner, there generally were different body retentions of minerals as BW increased.
This indicates that physiological age of body tissues may be one factor that can affect its mineral content. Both Na and Cl declined with increasing BW when expressed on an amount per kilogram of empty BW, possibly reflecting the increasing fat and declining lean tissue content. Pigs with greater amounts of lean tissue generally had greater amounts of several macrominerals (except Ca and P) per unit of BW than pigs with lesser lean tissue. The micromineral contents tended to be greater with increasing BW, but were generally similar between genetic lines and sexes, except for Se and Zn which were greater in the high-lean genetic line.
The data indicate that body mineral retention and its resulting composition are affected by genetic line, sex, and physiological age of the pig. The amount of lean tissue being produced may be a factor affecting the differing retention of minerals in pigs of differing genetic lines. (Table 1) at the regression level indicated (L = linear, Q = quadratic, C = cubic, Qt = quartic).
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